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Abstract 
The aim is that the ecological park becomes a place in which its operation and maintenance is performed based on the 
use of renewable energy. Climatological studies demonstrate the feasibility in the implementation of solar and wind 
energy within the park (global solar irradiance of 17.3 MJ/m2 day and 4 m/s wind velocity) for that reason, it is 
intended to carry out the installation of photothermal, photovoltaic and wind turbine equipment in order to meet 
energy demands in all areas of the park; some other equipment will be installed for demonstration and educational 
purposes. Our work was performed under the uncertainty of not knowing the energy requirements of the park 
facilities. It was until August 2012, with the help of the architectural design, that it was possible to perform the 
estimates in order to know the size of the required devices. A total of 180 kW of power will be generated from 
photovoltaic and wind turbine systems. 
Currently, the project is still not conducted and it will be until 2014 when the construction of the ecological park 
begins. 
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1. Introduction 
 
In late 2011, the IE-UNAM started the project of the technical studies in order to define the development 
and operation of an ecological park in the state of Veracruz within a protected natural area of 1104 ha, with 
the following bounds: North: Nanchital city, East: Ixhuatlan village, South: federal highway 180, and West: 
Coatzacoalcos river. The studies aim to exhibit the ecological park as a place in which all natural resources 
are used, with devices and designs that will preserve it clean and friendly. The studies include bioclimatic 
design, comprehensive management of solid waste, handling devices for drinking water, rainwater and 
service water, museology, conservation and development of wild fauna and flora. The ecological park will 
contain homes, offices, auditoriums, hotels, dining rooms, kitchens, museums, aquatic facilities, lookouts and 
walkways. Special internal transport vehicles are also desired. The use of renewable energies, related to the 
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primary objective of the project, has been requested for the operation and maintenance of the whole 
ecological park. 
 
The Institute of Engineering, UNAM has studied for the last 36 years, the thermal uses of solar energy 
comprising water heating, air warming, water distillation, solar ponds and electrical power generation. 
During the past 10 years, research on photovoltaic solar energy and other such as geothermal and wind power 
have also been encompassed [1]. 
 
The aim of this work is to determine the energy requirements of most representative facilities of the 
ecological park and propose the device(s), which by using renewable energy, satisfy the needed 
requirements. At present, the future "park" is shown in Fig 1. 
 
                           
Fig. 1. Current situation of the ecological park 
 
In order to achieve the objective, we have the architectural project of the ecological park prepared by a 
specialized company and in which our work will be done. Due to the nature of the delivered architectural 
project, it is not possible to have accurate data of the energy requirements. Therefore, estimates will be made 
and generic renewable energy devices will be proposed. The scope of this work is to have a selection of 
devices and renewable energy devices that will facilitate further work once the exact energy requirements are 
known. 
 
2. Assessment of the solar and wind power resource 
 
For the solar resource assessment the RADII software [2] was used and the calculated solar irradiance 
values are described in the table 1. The solar resource is qualified as very good. As a global power resource, 
it yields an average of 200 W/m2. Accordingly, the applications will have good efficiency and the areas will 
be appropriate. 
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Table 1.  Monthly mean daily solar irradiance, MJ/m2 day 
 
Month Global Direct Diffuse 
January 14.673 8.718 5.955 
February 17.011 10.368 6.643 
March 17.902 10.323 7.579 
April 18.619 10.383 8.237 
May 18.965 10.467 8.497 
June 17.867 9.250 8.617 
July 18.881 10.447 8.435 
August 19.163 10.908 8.255 
September 17.338 9.320 8.018 
October 17.256 10.208 7.048 
November 15.598 9.455 6.143 
December 14.061 8.295 5.766 
Average 17.278 9.845 7.432 
 
The wind power resource was estimated from data in the literature [3, 4]. The nearest weather station to 
the ecological park is located in the municipality of Coatzacoalcos, Veracruz, which reports the following 
data in charts such as the Fig 2. A total of 200 graphics were analyzed from 2010 to 2012. A wind velocity 
average from 3.61 m/s to 4.17 m/s was obtained.  
 
3. Renewable Energy Devices 
 
Solar water heaters for household use and kitchens. 
Solar distillers for seawater or brackish water desalination.   
Photovoltaic systems to generate electricity for use in outdoor lighting, lighting, air conditioning, 
computers, cell phones, pumps, TV, radio and transport vehicles. Under the current situation of the park, the 
arrangements grid-connected and stand-alone were taken into account. 
 
 
Fig. 2. Wind velocity data 
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The wind power systems for generating electricity and its use as in the photovoltaic systems. 
Anaerobic digester for digestion of manure to produce biogas that would be used in heating and lighting. 
 
The following figures schematically show the proposed devices. 
 
 
Fig. 3. Solar water heater 
 
 
Fig. 4. Solar distiller 
 
Fig. 5. Grid-connected photovoltaic power system  
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Fig. 6. Stand-alone photovoltaic power system 
 
 
 
Fig. 7. Example of suggested luminaire and installation diagram 
 
 
Fig. 8. Pump for the crocodile farm 
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4. Proposed ecological park facilities 
 
The project consists of a total of 19 architectural plans of the facilities. The following Fig 9 shows the 
architectural plans of the auditorium. 
 
 
 
 
 
 
Fig. 9. Architectural plans of the auditorium 
 
The following table summarizes the proposed renewable energy devices for each installation. 
 A. Ruiz et al. /  Energy Procedia  57 ( 2014 )  957 – 964 963
Table 2. Proposed renewable energy devices 
 
Facility Water heating, L Photovoltaic system, 
kW 
Wind power system, 
kW 
Building of access  10 10 
Research area 200  20 15 
Room house for 
researchers (type 1) 300  7 3 
Room house for 
researchers (type 2) 200 5  
Ecological house 100  2.5  
Fast food dining room 100  5 3 
Dining room for 
researches 300  5 3 
Set of museums 
(multipurpose room and 
2 museums) 
100  30 10 
Auditorium  20 10 
House of Earth  10  
Crocodile farm  5  
Children’s farm  5  
Aviary  0.5  
Total 1300  125 54 
 
We suggest the installation of 5 solar distillers in front of the ecological house for demonstration so 
visitors observe their operation. Salt water or brackish water is needed for operation of the distiller. 
 
We suggest the installation of a demonstrative anaerobic digester at the side of the ecological house 
kitchen. The stove of the house may be operated with the biogas produced by the digester. Cow manure is 
required to operate the digester (about 20 kg/day) and hot water (50 L/day.) Furthermore, a facility with LP 
gas backing is necessary in order to use the stove at all times. 
 
5. Outdoor Lighting 
 
Solar luminaires with no electrical cable run are suggested for the lighting of roads, green spaces, parking, 
lookouts and walkways; namely, luminaires known as 50 x 50 are recommended considering that the peak 
hours for both pedestrian and vehicular traffic go from 19:00 to 24:00 h, whereas from 0:00 to 6:00 h only 
lighting for safety is required. Said technology works with induction lamps in the busiest times delivering a 
greater amount of lumens; the rest of the night it works with unidirectional LED lighting bulbs thus 
decreasing the load demand and extending its performance up to 12 hours. 
 
For this project, light poles 9 meters high with luminaires delivering 13000 lumens should be installed 
every 25 meters away. 
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6. Water pumps 
 
It is recommended to install Lorentz PS600 Badu pumps having a pumping flow up to 15 m3/h at a 15 m 
height for the "Crocodile farm", "House of Earth" and places where you need repumping. This type of pump 
has overload protection; its speed is also adjustable and requires no maintenance. 
 
In order to supply the energy needed for the operation of these pumps, a 340-900 W solar generator should 
be installed, depending on the water flow it is required to move. 
 
7. Conclusions and recommendations 
 
When starting the project, we only knew the place displayed in Figure 1, which is virgin jungle. Even 
today it is still the same situation. It is expected to begin works for the construction of the ecological park by 
the year 2014. Our work was performed under the uncertainty of not knowing the future park facilities. The 
architectural design was handed to us in August 2012; it was then possible to select and know the size of the 
renewable energy devices. 
 
Upon completion of the research process, we could determine that the wind and solar potential, present in 
the area where the ecological park will be constructed, is highly favorable for the proposed applications. 
Although the selection and sizing of the recommended and installed devices was somewhat complex due to 
lack of accurate data on the energy demand to be covered, there is still the advantage to make the necessary 
adjustments to expand the generation of both electrical and thermal energy under the assumption that the 
equipment cannot fulfill the demand or it is desired to increase its production capacity. The attachment of 
extra solar panels (or wind turbines) to the proposed designs will comply with the aforementioned task. 
  
The renewable energy technologies increase rapidly. New techniques that allow better use of renewable 
energy are likely to exist at the time when installing the recommended equipment in the ecological park; 
therefore, it is important to conduct a market survey prior the final installation of the equipment in order to 
know the technological advances and carrying out the appropriate improvements. 
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